Aim To provide a clinical overview of the association between pain and delirium, the mechanisms which may underlie this and how pain can be detected and managed in delirium. Findings There are few studies in this field. It is likely that pain is a key cause of delirium but this relationship is complex and mediated by many factors. Observational tools may help diagnose pain in delirium but need further testing. Message Pain is a potentially treatable cause of delirium and future research in how to better detect and managed this is required.
Introduction
Both pain and delirium are common problems for older people across a range of clinical and residential settings. Pain affects 20-46% of older people living in the community, and 28-73% of those living in residential care. Chronic pain rates are reported to be even higher [1] . The prevalence of delirium in the community is low, but a delirium prevalence of 36 .8% has been reported in residential aged care settings [2] and the onset of delirium often precipitates presentation to the emergency department. Here, 8-17% of all older people and 40% of those residing in residential care have delirium. In general, medical and geriatric hospital units' delirium is found in 29-64% of inpatients [3] . Pain and delirium often occur together [4] especially in older populations and those with dementia.
Interactions between pain and delirium are complex and multidirectional. While pain may be a risk factor for delirium in older persons, analgesics given for pain management may also increase the risk of delirium [4, 5] . However, the complex interplay of pain, pain management and delirium in older persons remains unclear. In this article, we present a broad clinical overview of the topic, with particular reference to the care of older people, using recent evidence from other populations to understand some of these complexities. We will review the current evidence on pain assessment strategies in adults, and present a summary of guidance on pain management in the context of delirium to inform clinical practice and research.
The nature of pain
Pain is defined as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage". Because it is highly subjective, pain is best assessed via self-report-this is considered the "gold standard" of pain assessment [6] . Delirium can interfere with a person's ability to self-report pain, due to disturbances in attention and awareness that develop over a short period of time and tend to fluctuate. Additional disturbances affect memory, orientation, language, perception and other areas [7] .
Pain is a complex phenomenon consisting not only of the sensory component, which refers to where a person locates pain in their body and how they describe painful sensations and pain intensity. There is also a significant emotional component, which refers to feelings and affects associated with painful experiences. A further cognitive component reflects how a person attributes meaning to the painful experience, taking into account expectations and past experiences [8] . The experience of pain is also influenced by past and current social interactions between the person in pain and their carers or clinicians. In addition to this, discomfort must be considered. This is different to "pure" nociceptive pain and has a wide range of causes such as poor positioning, feeling too hot or cold, hunger, thirst or needing to go to the toilet.
The association between pain and delirium
Given the risk factors for both conditions, pain and delirium will commonly co-exist. However, there is limited data exploring this across settings. The current evidence base mostly centers on elective orthopaedic or cardiac post-operative surgical cohorts. Table 1 gives an overview of studies that have examined this association.
The literature consistently suggests an association between pain and delirium, even after controlling for potential confounders of this relationship such as age [9] comorbidity [10] and severity of dementia. Some authors have noted a "dose-response" gradient in this association, with increasing pain severity increasing the risk of both sub-syndromal [11] and full-syndromal delirium [12] , although this is not a consistent finding.
When considering causality it is important to examine the temporal precedence of findings. Prospective methods, which measure pain and delirium, both pre-and post-operatively [10] will provide more robust evidence than crosssectional studies. Whether analgesics increase delirium risk through their side effects, or reduce delirium risk by decreasing pain is a particularly interesting question as both under-treatment and over-treatment of pain can precipitate delirium. Most studies have focused on ICU populations who are often prescribed sedatives in conjunction with analgesia. The evidence in older "geriatric" populations is inconclusive, and mostly from small-scale studies of surgical cohorts. In post-operative older populations, Vaurio et al. [9] found that oral narcotic analgesics reduced delirium risk when compared to IV and epidural analgesics. They suggest that this may be due to oral opioid analgesics resulting in lower blood drug levels. It is possible that patients receiving IV analgesics may have initially been in more pain; however, the study did control for initial pain severity in analysis.
A systematic review of the association between opioids and delirium in older populations found moderate quality evidence suggesting that where acute severe pain occurs (e.g., hip fracture) lower doses of opioids may paradoxically be associated with a higher risk of delirium. This supports the concept of acute, severe pain as an important contributing factor to delirium [5] and suggests that treating pain with adequate doses of opioids may lower delirium risk.
Understanding cause and effect
Delirium is caused by multiple stressors including infection, inflammation, drug toxicity and metabolic abnormalities-all of which lead to an acute cerebral stress response. Pain has a similar effect, acutely inducing the release of catecholamines and a short-term pro-inflammatory sympathetic response [16] . Chronic pain leads to dysfunction of the cortisol system, and prolonged over-activity of inflammatory cytokines. Therefore, acute or chronic pain may lower the threshold for the development of delirium. This is particularly notable in older people with concomitant frailty, acute physical illness or dementia, who have a reduced cognitive reserve. It is possible that discomfort, whether acute or chronic may also cause a similar stress reaction that may precipitate delirium, although no studies to date have examined this.
The causal association between pain and delirium is highly complex, and may be bi-directional. The cholinergic system may be a key link. A reduction in central cholinergic activity is the final common pathway in the development of symptoms of delirium, but the cholinergic system also has a vital role in the modulation of pain. In animal models, decreasing acetylcholine levels or activity potentiates nociceptive sensitivity and can induce hyperalgesia or allodynia. Acetylcholinesterase inhibitors such as Donepezil have a dose-dependent analgesic effect in humans. However, there is also developing evidence that chronic pain states modulate cholinergic activity [17] ; further study of this dynamic interaction may help us with future understanding of how pain may precipitate delirium.
In addition, a multitude of clinical factors may mediate the association between pain and delirium. Here we consider two exemplar conditions, depression and sleep deprivation. Depression is common in older people and also a risk factor for delirium. Pain is also known to substantially increase the occurrence and severity of depression [18] . In a robustly conducted prospective cohort study, Kosar et al. [10] demonstrated that preoperative pain and depressive symptoms were independently associated with the development of postoperative delirium. In addition to this, there was significant interaction, with pain increasing the risk of delirium further in those with depression.
There is also strong evidence (mainly from ICU populations) that sleep deprivation is a risk factor for the development and subsequent severity of delirium-where disruption of circadian rhythms is a key symptom. Lower melatonin levels are also associated with an increased delirium risk. It may seem obvious that pain disrupts sleep, but there is also an increasing body of evidence suggesting that sleep deprivation induces a hyper-algesic response [19] . Inflammation and, particularly, pro-inflammatory cytokines are key potential mediators of this association.
All of the factors we have discussed are interrelated, and subject to multiple and complex interactions with each other. For example, chronic depression will disrupt the sleep-wake cycle-both of these factors are exacerbated by pain, and both are well-established risk factors for delirium. This highlights the necessity of detailed, comprehensive and holistic assessment of the person with pain and delirium, and the construction of tailored multi-component management strategies (Fig. 1) .
The impact of delirium on the expression of pain
Delirium may impact how pain is expressed, which in turn affects the pain assessment process. This can manifest in several ways including through altered levels of attention and awareness, as well as the fluctuating and sometimes prolonged nature of delirium.
Altered levels of attention and awareness
Delirium occurs along a spectrum, from hypoactive to hyperactive. Both presentations can make pain assessment challenging. Clinicians may tend to interpret signs of pain more readily in hyperactive delirium as opposed to hypoactive delirium, where people are usually withdrawn and silent. Gagnon et al. [20] argue that hyperactive delirium may lead to more breakthrough pain, when compared to hypoactive delirium, due to frequent, intense or purposeless movement. Hyperactive delirium may, therefore, exacerbate movement-related pain.
There is some indication that reduced levels of attention and awareness in hypoactive delirium mean that people with delirium are less likely to initiate communication [21] and altered awareness may directly impair how pain is perceived. Therefore, clinicians need to be proactive in starting conversations about pain in people with delirium.
Fluctuation and duration of delirium
Sudden onset of delirium may rapidly change the person's ability to participate in the pain assessment process. Pain assessment strategies need to be adapted to respond to newly altered levels of awareness and attention and to take into account new and changeable symptoms. As these fluctuate, so can the person's ability to participate in the pain assessment process. Fluctuations may occur rapidly, necessitating the use of a range of different pain assessment strategies in a short period of time. This is especially pertinent in situations, where acute pain is likely to occur, for example after surgery. Sirsch et al. [22] recommend that the person's ability to contribute to pain assessment should be evaluated prior to the commencement of a pain assessment. Herr et al. [23] recommend "serial assessments for the ability to self-report" pain for patients in intensive care settings with fluctuating delirium. Hadjistavropoulos et al. [24] suggest repeating pain assessments when delirium symptoms subside. Sudden onset and fluctuating course of delirium mean that this may need to be repeated several times a day in all patients with potential delirium. In cases of prolonged delirium, this regime may be required over an extended period of time.
Behavioural signs of pain in people with delirium
If self-reporting pain is impossible for a person with delirium, non-verbal behavioural signs of pain may become the most important aspect of pain communication-similar to what has been suggested in people with dementia. However, it is not completely clear what behaviours should be looked for. Reference is often made to The American Geriatrics Society's Panel on Persistent Pain in Older Adults overview of "common pain behaviours in older adults" [25] . This lists facial expressions, verbalisations/vocalisations, body movements, changes in interpersonal interactions, changes in activity patterns or routines, and mental status change.
The validity of this consensus-based approach has not been evaluated for people with delirium. A specific problem for pain assessment in people with delirium is the overlap of symptoms of delirium with commonly cited pain behaviours [26, 27] -especially with regard to hyperactive behaviours such as restlessness and screaming. "Agitation" caused by delirium may be confused with pain [20] by clinicians. Behavioural pain assessment instruments for people with dementia often consider agitation to be a sign of pain, though some research suggests that agitation, when considered as a symptom of hyperactive delirium, may inflate behavioural pain scores [28, 29] . Future research will need to examine whether behavioural pain signs can be identified that are less prone to confounding from hyperactive behaviours associated with delirium, potentially in the domain of facial expressions.
Two studies have asked clinicians what they perceived to be behavioural pain signs in patients with delirium-one regarding post-operative older patients [30] , and one palliative care patients [31] . These identified vocalisations and changes in facial expression as being key expressions of pain (see Table 2 ). [34] Moaning Groaning Grimacing
Standardised tools for pain assessment in people with delirium
A recent scoping review [32] identified different strategies for pain assessment in persons with delirium; including self-report using standardised tools (e.g., Numerical Rating Scales, Verbal Rating Scales), proxy reports by relatives and carers, behavioural observations, analgesic trials and combinations thereof. However, these approaches have never been systematically studied in people with delirium, and therefore, evidence for their reliability and validity is lacking. This also applies to standardised observational pain instruments developed for persons with dementia (e.g., PAINAD, Abbey Painscale or Doloplus). For patients with delirium in intensive care settings, preliminary testing showed promising results for the Critical Care Pain Observation Tool (CPOT) and the Behavioural Pain Scale for non-intubated patients.
Technological Interventions
The development of electronic and computerised pain tools has accelerated in recent years. Early tools often concentrated on developing self-or medical team assessment [33] , recording and promotion of information-sharing regarding pain. Recent advances in artificial intelligence and machine learning have accelerated the development of automated pain assessment tools, which have shown promising preliminary results in elderly populations. An example of a system currently being used in residential care settings is PainChek. This uses a combination of automated facial recognition and analysis (AFRA), alongside advanced computing methods that allow facial movements to be rapidly recorded and analysed [34] , based on the Facial Action Coding System (FACS). Other elements of behavioural domains of pain are then analysed to create a comprehensive assessment. This tool has shown promise in initial trials, both in identifying pain and facilitating the identification of pain temporality. FACS has been tested in populations with dementia, including non-verbal patients [35] , though more specific testing in populations with severe dementia may be warranted. This tool and AFRA have so far, not been tested in people with delirium but this may be a promising approach for future care.
Recommendations for the assessment of pain in people with delirium
Evidence regarding pain assessment strategies and instruments for people with delirium is lacking. Only tentative practice recommendations can be made, all drawn from existing guidelines but needing robust testing in practice [32] :
• A comprehensive assessment of the person, as is standard practice for all with severe illness, forms the foundation for the investigation of pain. This should include a collateral history and a physical examination with a specific focus on causes of potential or actual chronic or acute pain. The exact contents of this assessment will vary between settings (intensive, geriatric, palliative care etc.) and it should be adjusted to the individual person's needs and situation. • All potential causes for pain, as identified in the comprehensive assessment, need to be taken into consideration when a judgement about the person's pain situation is made. • When pain is likely, e.g., due to identified pathologies (e.g., trauma) or painful procedures (e.g., surgery) pain treatment should be initiated to avoid suffering and negative pain-related outcomes. • The ability to provide self-report of pain needs to be assessed before a strategy for pain assessment is chosen. Due to the fluctuating nature of delirium, the ability to self-report should be re-assessed when pain is reassessed. • Clinicians need to take the initiative and address pain, as people with delirium may not do so themselves even if they are in pain. People with hypoactive delirium may communicate verbal and non-verbal pain signs less than people with hyperactive delirium. • Verbal and non-verbal signs of pain and delirium may overlap and clinicians need to be aware that this can be a source of diagnostic confusion. If behaviours are believed to be a sign of pain and analgesic treatment is subsequently initiated or increased, unchanged or even exacerbated behaviours may be an indication that the analgesic treatment compounds delirium. • The Critical Care Pain Observation Tool (CPOT) and the Behavioural Pain Scale for non-intubated patients may be useful for people with delirium in intensive care but should be used cautiously as their validity is not established in people with other causes of cognitive impairment, heavily sedated or unconscious patients. • Behavioural pain tools developed for people with dementia may be misleading when used in people with delirium. This is especially pertinent when they include items that describe social behaviours or that overlap pain and delirium, such as restlessness, vocal behaviours, agitated behaviours etc.
From the literature, no recommendations regarding the assessment of pain qualities beyond the mere existence of pain can be identified [32] . Pain intensity cannot be determined by any other means than self-report [36] . Pain location may be inferred from comprehensive assessment, cognition associated with the pain experience may be compromised by delirium, and motivational-affective aspects of the pain experience may be communicated through pain behaviours.
Future directions
Evidence around the association between pain and dementia, and how to assess and manage this complex syndrome alongside delirium is only starting to emerge. Recommendations from guidelines on pain assessment in older persons and those with dementia may indicate helpful strategies, however, the characteristics of delirium-such as altered levels of attention and awareness as well fluctuations-require adaptation of the pain assessment process and dedicated research. Strategies to enhance and support self-report about pain in people with delirium need to be explored. Furthermore, a better understanding of behavioural signs of pain and delirium, and the overlap between the two, is needed to identify specific non-verbal indicators of pain-if they exist-and improve behavioural pain tools accordingly.
People's experience of pain encompasses much more than merely sensory aspects such as intensity or localisation. Motivational-affective components may also strongly contribute to the person's experience of suffering and discomfort. However, they also offer a pathway to connect with the person and alleviate suffering. There is some indication that interventions aimed at this dimension of pain are effective in people with dementia [37] , and this approach could be explored in delirium. It may have the potential to reduce prescribing of potentially deliriogenic analgesia, and aligns well with recommendations to prevent and manage delirium-for example the SIGN delirium guidance [38] . Likewise, strategies that orientate the person with delirium are recommended for management, though how this may improve pain management needs further research.
For older populations it is vital that future research takes the co-occurrence of dementia and delirium into account in studying potential interactions, and clarifying the consequences of both for pain assessment and treatment. Residential aged care and long-term care in the community, often provided by family and informal carers, must be included in research to develop strategies for pain assessment and management in people with delirium-as many older people are cared for in these settings.
To gain a better understanding of the relationship between delirium, pain and pain management, longitudinal studies in different settings are necessary. This would allow the study of causation and contributing factors. This paper provides a broad clinical overview but a more comprehensive systematic review of the association between pain and delirium in specific populations is warranted. Future research will be informed by our increasing knowledge of pathophysiological mechanisms in delirium, in particular neuroinflammation, that may promote the association between pain and delirium.
Interventional studies may reveal promising strategies to alleviate pain and delirium simultaneously, for example by carefully studying the effects of stepped-analgesic interventions-as has been demonstrated in care home residents with dementia [39] -or by complex multimodal delirium interventions, where pain assessment and management are key components [40] .
